Non-invasive positive pressure ventilation (NIPPV) has become the accepted standard of care for the initial management of respiratory insufficiency in amyotrophic lateral sclerosis (ALS) 1,2 . A series of prospective studies have shown that when tolerated for greater than four hours per day, NIPPV therapy prolongs survival, increases quality of life and reduces decline in pulmonary function [3] [4] [5] [6] [7] . In addition, a recent randomized controlled trial has supported NIPPV's survival and quality of life benefit in a subset of ALS patients with good bulbar function 8 . Nevertheless, considerable variability in the prevalence of NIPPV use has been documented in the international ALS patient population. A survey of 265 British neurologists reported that approximately 2.6 -3.5% of patients were utilizing NIPPV, with 30% of all referrals coming from three physicians 9 . In addition, a questionnaire completed by 110 ABSTRACT: Objective: The purpose of this study was to evaluate Canadian amyotrophic lateral sclerosis (ALS) centres with respect to: 1) the prevalence of Non-invasive positive pressure ventilation (NIPPV) and invasive mechanical ventilation via tracheostomy (TV) utilization, 2) the approach to NIPPV use, focusing upon the currently employed initiation criteria and 3) the barriers influencing NIPPV administration. Methods: A descriptive survey research design aimed to obtain quantitative data and open-ended responses from an active physician at each of the 15 multidisciplinary Canadian ALS centres. Results: The principal findings of this study were: 1) NIPPV and TV are used in 18.3% and 1.5% of patients at Canadian ALS centres, respectively, 2) symptoms of respiratory insufficiency, namely orthopnea (clinical significance rated at 9.00/10 ± 1.48), dyspnea (8.27 ± 1.95) and morning headache (7.55 ± 1.21) are the most significant indicators for NIPPV initiation, 3) the primary barriers to NIPPV utilization are patient intolerance (70% of centres) and inaccessibility of respirologists and ventilation technologists (50% of centres). Conclusions: Variability in NIPPV use has an impact upon the management of Canadian ALS patients. The establishment of more definitive NIPPV initiation criteria, emphasizing respiratory symptoms, and the attenuation of barriers to NIPPV use should be targeted so as to ensure optimal care for all ALS patients.
Non-invasive positive pressure ventilation (NIPPV) has become the accepted standard of care for the initial management of respiratory insufficiency in amyotrophic lateral sclerosis (ALS) 1, 2 . A series of prospective studies have shown that when tolerated for greater than four hours per day, NIPPV therapy prolongs survival, increases quality of life and reduces decline in pulmonary function [3] [4] [5] [6] [7] . In addition, a recent randomized controlled trial has supported NIPPV's survival and quality of life benefit in a subset of ALS patients with good bulbar function 8 . Nevertheless, considerable variability in the prevalence of NIPPV use has been documented in the international ALS patient population. A survey of 265 British neurologists reported that approximately 2.6 -3.5% of patients were utilizing NIPPV, with 30% of all referrals coming from three physicians 9 . In addition, a questionnaire completed by 110 sub-optimal [13] [14] [15] . In Japan, invasive mechanical ventilation via tracheostomy (TV) is commonly used in place of NIPPV 16 . Currently, the prevalence of NIPPV prescription at Canadian ALS centres is unknown.
A primary source of variability in the rate of NIPPV institution arises from the lack of consensus regarding the optimal criteria for its initiation 17, 18 . The American Academy of Neurology Practice Parameter for ALS suggests that NIPPV be initiated when forced vital capacity (FVC) falls below 50% of its predicted value and/or upon the development of respiratory symptoms 2 . However, in spite of this practice parameter, only 36% of patients in the ALS CARE Database with FVC < 50% predicted were receiving NIPPV treatment 14 . In addition, an FVC < 50% predicted may not be the most sensitive indicator of the onset of respiratory insufficiency. Indeed, several observational studies have reported that an earlier initiation of NIPPV, such as upon first evidence of nocturnal desaturation, provides a greater survival benefit 19, 20 . Another potential explanation for the variation in NIPPV prescription stems from patient and health care system related issues that may prevent adherence to clinical practice guidelines 1, 2, 4, 10, 15, [21] [22] [23] . Important patient-induced barriers include the decision to decline NIPPV use and NIPPV intolerance due to factors such as interface discomfort, claustrophobia or anxiety, disease progression, bulbar muscle involvement, difficulty in secretion management and frontotemporal dysfunction. Both human resource and financial impediments have also been identified in the context of health care professional (e.g. respiratory therapist), caregiver and equipment availability 10, 21 . Current U.S. 2 and European 1 guidelines recommend that ALS patients be offered an informed choice with respect to TV and palliative care when NIPPV therapy can no longer be tolerated (e.g. loss of bulbar tone or difficulties with secretion management) or becomes ineffective due to disease progression. TV second-line use is attributed to its high cost and significant emotional, social, and financial impact on patients and their caregivers 1, 2 . Although TV can prolong survival and may be deemed acceptable by some patients and caregivers, its use has often been associated with ethical dilemmas, including to ventilation withdrawal decisions and locked-in syndrome. As a result, the majority of patients refuse its use 24 and current U.S. (2.1%-3%) and European (2.6%) prescription rates are accordingly low. However, in Japan, invasive ventilators (TV or ventilation via intubation) are more commonly used than NIPPV 16 . Canadian TV figures have yet to be determined. Given these issues, the treatment of respiratory compromise in ALS patients continues to be empiric and variable in nature 24 . As this variability has an impact upon patient care, it is important to assess individual physician's management strategies. Because A summary of questionnaire content is providedNIPPV: non-invasive positive pressure ventilation; TV: invasive mechanical ventilation via tracheostomy; FVC: forced vital capacity; SNP: sniff nasal pressure; MIP: maximal inspiratory pressure; N/A: not assessed. the provision of health care to Canadian ALS patients is largely within the purview of academic tertiary care referral centres, in which multidisciplinary teams exist, we have examined the prevalence of NIPPV and TV therapy at Canadian ALS centres, the currently employed NIPPV initiation criteria at these centres and assessed the barriers influencing Canadian NIPPV administration.
MATERIAL AND METHODS
A descriptive survey research design was used to assess the prescription practices of Canadian ALS physicians. Questions were formulated using the following phases of survey development: 1) specification of measurement goals, 2) item generation, 3) item reduction and 4) questionnaire formatting. A physician expert in the field of ALS care assessed the content of the questionnaire for relevance and clarity prior to its distribution. The questionnaire consisted of both quantitative data collection and qualitative open-ended questions. Its content was grouped into six subcategories (Table 1 ). In subcategories four and five, the list of investigations and symptoms reflected their ascribed importance in current clinical practice guidelines 1,2 . The study utilized purposive sampling of an active physician at each of the 15 multidisciplinary Canadian ALS centres. The questionnaire was initially distributed to the Medical Director or a representative staff physician of centres attending the ALS Society of Canada 2008 Research Forum. After two months, the questionnaire was mailed to centres from which a response to the initial distribution had not been received. This second iteration targeted all 15 multidisciplinary Canadian ALS centres, as identified by Shoesmith and Strong 23 and the ALS Society of Canada website at the time of survey development. Therefore, this distribution phase facilitated data collection from centres not attending the Research Forum.
Investigators were blinded as to the identification of the responding centre. Quantitative data was analyzed with descriptive statistics where appropriate, while qualitative openended questions were analyzed by the grouping of responses into emerging themes. This study received ethics approval from The University of Western Ontario, Research Ethics Board and informed consent was assumed upon completion of the questionnaire.
RESULTS
An active physician at 11 of the targeted 15 multidisciplinary Canadian ALS centres completed and submitted the questionnaire (response rate = 73.3%). The results are presented in the order of their appearance in the questionnaire (Table 1) . Eight respondents were neurologists, two were physiatrists and one was a respirologist. Demographic data for the 11 responding Canadian ALS centres is summarized in Table 2 .
In terms of access to care, six centres reported the ability to provide NIPPV to all patients who meet their particular initiation criteria and desire its use. However, three of these centres noted delays (e.g. up to six months at one location) in acquiring NIPPV access. Three centres indicated that NIPPV provision is not possible in up to 10-30% of patients who satisfy their initiation criteria, while in those for whom NIPPV can be provided there can be as much as a "six to eight week wait" to obtain the appropriate equipment. One centre noted that the pneumonologist would be more proficient in answering this question and one centre did not provide a response. Barriers to NIPPV prescription and utilization are highlighted in Table 3 .
Four centres cited their perception of NIPPV usage as 'above average' according to the following rationale: 1) "good coordination between neurology and respirology", 2) "three different routes available for obtaining machines so most get it" and 3) "don't adhere to strict objective guidelines so it will be offered to patients with test changes even if asymptomatic, or if symptomatic with no test changes." Five respondents perceived their rate of prescription to be 'average'; with one stating that "recent changes with centres". A single centre perceived their prescription frequency to be 'below average' due to NIPPV intolerance as "most patients don't like it."
Physician approach to the initiation of NIPPV
Investigations: A summary of the investigations used in the decision to initiate NIPPV is presented in Figure 1 . Forced vital capacity thresholds providing a basis for the initiation of NIPPV treatment differed between centres, with 2 centres using an FVC at < 50%, 4 at < 60% and 1 at < 70% of predicted. Nocturnal oximetry thresholds employed for NIPPV initiation were provided by 5 of 11 responding centres with 3 centres citing thresholds of < 90% and 2 citing a threshold of < 89% oxygen saturation. Data illustrating the investigation that is the strongest indication for the decision to introduce NIPPV is provided in Figure 2 .
Clinical presentation: The clinical importance ascribed to symptoms of respiratory compromise in NIPPV initiation decisions was rated on a 10 -point scale and is presented in Figure 3 . Other symptoms, each indicated by a single centre in an empty space provided on the questionnaire, included: increased malaise without explanation (10/10), morning confusion (8/10), increased cough (7/10), reduced sentence length (5/10) and increased nightmares (3/10) .
DISCUSSION
This research is of importance as Canadian NIPPV practices in ALS treatment have been predominantly unaddressed and such an assessment may bring forth a meaningful contribution to the international discussion regarding NIPPV therapy for ALS patients. This study includes data from 11 of the 15 multidisciplinary Canadian ALS centres (939 Canadian ALS patients) with a response rate of 73.3%. The ensuing discussion will focus upon; 1) NIPPV and TV prevalence, 2) the approach to NIPPV use and 3) the barriers to NIPPV administration at these centres.
According to current clinical practice guidelines, the management of respiratory insufficiency in ALS patients should include the administration of NIPPV as a primary treatment modality 1,2 . Currently, 18.3% of patients at the responding Canadian ALS centres are receiving NIPPV therapy. Although variability exists, Canadian centres have a higher prevalence of NIPPV prescription with respect to their U.S. (7 -15.6%) 11, 12 , U.K. (2.6 -3.5%) 9 and European 10 counterparts. Subsequent to NIPPV therapy, ALS patients are to be offered an informed choice with regards to TV and palliative care treatment options 1, 2 . This study found that 1.5% (12 patients in total) of Canadian ALS centre patients were receiving TV, with five centres having no patients receiving this form of treatment. These figures are slightly lower, yet similar, to previously collected U.S. (2.1 -3%) 11, 13, 15 and European (2.6%) 10 data. Conversely, Japanese ALS patients are more likely to receive TV than NIPPV in response to respiratory insufficiency 16 . Thus, our TV numbers appear to support a general trend towards a more restricted use of invasive mechanical ventilation.
At Canadian centres, patient symptoms are of primary importance in the decision to introduce NIPPV, with the presence Specific barriers are listed in the left-hand column and the frequency at which they were reported is listed in the right-hand column (10/11 survey respondents completed the question). of orthopnea, dyspnea and morning headache amongst the strongest indicators for its initiation. This is consistent with current practice trends as recent findings have indicated that orthopnea and dyspnea are most heavily weighted by U.K. neurologists when considering NIPPV initiation 9 , and that the presence of orthopnea is the best predictor of benefit from, and compliance with, NIPPV 14, 25 . Moreover, due to the strong correlation between orthopnea, dyspnea and NIPPV use 14, 18 , it has been suggested that pulmonary function tests be considered secondary to symptoms of respiratory dysfunction 18 . The responses to the survey's open-ended questions provided further support for the primary importance of symptom assessment. For example, one respondent replied that NIPPV is offered if a patient is "…symptomatic despite the absence of hard objective test changes". Another stated "…I place much more reliance on the patient's symptoms than I do on pulmonary function tests…". Moreover, symptoms were cited as "…most important in the decision to start BiPAP [bi-level intermittent positive airway pressure]."
The significance of these comments is strongly corroborated by an unexpected trend in the responses to open-ended questions regarding investigations of respiratory function (Table 1 , section 5a). When asked to identify the investigation that serves as the strongest indication in their decision to initiate NIPPV, patient symptoms were reported to be the most critical (Figure 2) . Similarly, when asked to report the combination of tests most frequently used in the institution of NIPPV, patient symptoms were cited with the second greatest frequency. In each instance, the question was explicit in its instructions to identify an investigation or a series of tests, as symptoms were assessed in a separate survey section. Thus, the fact that patient symptoms were so strongly represented provides further evidence as to their central importance in NIPPV initiation.
With respect to investigations used in the decision to implement NIPPV, nocturnal oximetry, FVC and morning blood gases were used at the greatest number of centres. Other tests employed by multiple respondents include supine FVC, maximal inspiratory pressure and formal sleep studies, whereas sniff nasal pressure, peak cough flow rate and blood bicarbonate levels were each used in a single centre. This variability suggests a lack of consensus as to the most useful investigations and is likely a source of the discrepancy in NIPPV prescription rates between centres. It is interesting to note the rather widespread use of supine FVC (7 of 11 centres). As supine FVC <75% predicted has been shown to be more sensitive and specific in detecting early diaphragmatic weakness, some authors have proposed its superiority to upright FVC 26 . In centres frequently using FVC to guide initiation of NIPPV, variability was reported with respect to the thresholds used, as values range from <70% to <50% of predicted. Although the current guidelines indicate the use of FVC <50% in the U.S 1, 2 and FVC <80% in Europe 1,2 , the most optimal threshold remains unknown and its subsequent application continues to be empiric 11 . Given this lack of definitive criteria abroad and the absence of Canadian practice guidelines, Canadian ALS physicians have also adapted an empiric approach, basing NIPPV initiation decisions upon each patient's clinical context, their own clinical experience and the influence of systemic pressures. Among those investigations listed as the strongest indication for the prescription of NIPPV, nocturnal oximetry ranked highest, ahead of FVC. This finding is in keeping with studies suggesting that FVC may not be the most sensitive indicator for NIPPV initiation [18] [19] [20] . Currently utilized Canadian nocturnal oximetry threshold values are more consistent and they reflect those figures referred to in previous investigations (e.g. <80-90% oxygen saturation) 20, 27, 28 . Therefore, secondary to symptoms, Canadian centres appear to be placing greater importance on investigations (i.e. nocturnal oximetry) and test thresholds (i.e. before FVC<50%) that facilitate an earlier implementation of NIPPV.
According to respondents, no specific institutional protocol is in place for the administration of NIPPV in ALS patients. Similarly, no organized, structured pulmonary protocol exists in most U.S. centres 11 . Systematic application of a standardized protocol has been shown to reduce utilization of TV, decrease the incidence of NIPPV initiation in an acute setting and increase survival in non-bulbar patients 27 . Farrero et al suggest that these benefits were attributable to an earlier application of NIPPV 27 . Although it is difficult to assume that this single study would generalize to the Canadian setting, future investigation could examine the role and potential value of establishing an institutional protocol at Canadian ALS centres.
Subsequent to the decision to introduce NIPPV, substantial variability in the average duration of NIPPV use was noted between Canadian ALS centres (mean of 8.8 ± 5.2 months, with a range from 2-18 months). This finding is consistent with the empiric nature of NIPPV initiation and withdrawal 24 . Although dissimilarities in barriers to NIPPV use are likely to assume partial responsibility, further study is required to more fully elucidate the reasons for and the impact of this variability. Moreover, an analysis of the currently employed approach to NIPPV withdrawal at Canadian ALS centres could prove quite meaningful.
The most commonly encountered impediments at Canadian ALS centres to the institution of NIPPV are patient intolerance and poor coordination of care due to a lack of access of health care professionals, most notably respirologists and/or ventilation technologists. Additionally, issues related to financing ventilatory equipment, patient decision to decline NIPPV treatment, the availability of BiPAP machines, access to caregiver help, support in rural communities and patient ability to meet provincial criteria for NIPPV machine allocation were reported.
As respondents emphasized "tolerance of the interface" as the primary barrier to NIPPV administration and previous research groups have described similar findings 1, 2, 23 , this study provides further support for the importance of future investigation targeting this issue. Although tolerance of the treatment modality is a universal and important issue, it certainly is not specific to Canadian ALS centre care. Of interest to this study, is the identification of barriers subject to regional systemic pressures within the context of the Canadian health care system. Most notably, the second most frequent impediment to NIPPV utilization at Canadian centres is coordination of care. This hindrance focuses upon the lack of timely access to respirologists and/or ventilation technologists. For example, one respondent replied that their primary barrier is a "…delay to be seen by a pneumonologist…and a lack of ventilation technologists to follow-up at home…" In addition to coordination of care constraints, the issue of accessibility extends to finances and equipment. At three centres, "cost is an issue…" in obtaining NIPPV machines and even when funds are in place, one respondent indicated that a "lack of readily available BiPAP units…for immediate use by patients" results in "…a six to eight week wait to get the unit from the [provincial] ventilator pool…". At another centre, this delay for access to NIPPV from the "provincial home ventilator program…is up to six months". Collectively, these barriers were cited as cause for delayed initiation of NIPPV. As research has advocated for earlier initiation times, such a postponement may result in less than optimal care for some ALS patients 19, 20, 27 . As evidenced by inter-center variability in NIPPV prescription rates (23.4±11.3%) and open-ended responses, the impediments to NIPPV use are by no means equally apparent at all centres. For instance, one physician perceived effective use of NIPPV at their centre due to "good coordination between respirologist and neurologist…" in the context of "…same day clinics." In another centre the respondent had "…access to NIPPV through three routes…" which ensured that "…patients do get the machines." While an extensive examination of the reasons for this potential discrepancy is beyond the scope of this paper, it seems evident that systemic and institutional factors have an important contribution. For instance, within the Canadian health care system, each province and, to a certain extent, each institution sets its own priorities with regards to health care delivery 29 . Moreover, provincial ALS Societies influence important aspects of patient care provision and operate independently in determining their contribution to the province's ALS centres and patients. As such, Canadian ALS centres may receive differing levels of support in terms of the human resources, finances, and equipment necessary for NIPPV administration.
One potential limitation of this study is that data from four of Canada's 15 multidisciplinary ALS centres has not been acquired. Although the response rate appears adequate, this missing data from a small sample size may hinder the validity for broad generalizations. As described above, it is possible that the care provided by non-responding centres differs due to regional systemic factors, including geography, language and heath care resources. A thorough examination of such regional influences was neither feasible given the study's methodology (i.e. survey content and blinded analysis) nor a primary study objective. Nonetheless, open-ended responses did attest to the impact of regional variation and as such further investigation may prove quite useful in optimizing the use of NIPPV in Canada.
In conclusion, this descriptive survey research was able to demonstrate that NIPPV and TV are used in a mean of 18.3% and 1.5% of patients at responding Canadian ALS centres, respectively. Physicians at these multidisciplinary centres emphasize patient respiratory symptoms, most notably orthopnea, dyspnea and morning headache, in their decision to initiate NIPPV. This introduction may also be supported by the results of investigations such as nocturnal oximetry, FVC and morning blood gases. Finally, the primary barriers to the provision of NIPPV therapy in Canada are patient intolerance and less than optimal coordination of care due to a lack of access to health care professionals, most commonly respirologists and/or ventilation technologists. Similar to the U.S., U.K. and European analysis, there is variability in NIPPV prevalence, approach and barriers to use amongst Canadian ALS centres. A lack of consensus regarding initiation criteria, differing impediments to NIPPV use and their interaction with regional systemic factors appear to contribute to the discrepancy. As this variability has an impact upon the management of Canadian ALS patients, future study should focus upon: 1) establishing more definitive NIPPV initiation criteria, with an emphasis upon symptoms of respiratory insufficiency; and 2) attenuating barriers to NIPPV use, to ensure optimal care for all ALS patients.
